Searching PAJ 



1/1 s<— v 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 2000-04881 8 

(43)Date of publication of application : 18.02.2000 




(51)Int.CI. H01M 4/58 

H01M 4/02 
H01M 10/40 



(21) Application number : 10-225439 (71)Applicant : SEIDOU KAGAKU KOGYO KK 

(22) Date of filing : 24.07.1 998 (72)Inventor : YOSHIKAWA CHIKAHITO 

WAKE YUMIKO 
MAHANA AIKO 



(54) POSITIVE ELECTRODE ACTIVE MATERIAL AND NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 
USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode active material with a cycle life characteristic 
superior in charging/discharging and a nonaqueous electrolyte secondary battery using it. 

SOLUTION: This positive electrode active material is represented by the expression Li1+xMn2-x-y-zAyBz04, 
and this nonaqueous electrolyte secondary battery uses it. In the expression A is at least one element selected 
from Co, Ni, Fe and Cr, B is at least one element selected from Mg and Ca and x, y and z are set in the 
respective ranges of 0<X<0.09, 0.01<y<0.3, 0.01<z<0.3. 



LEGAL STATUS 

[Date of request for examination] 24.07.1998 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner s decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 2963452 
[Date of registration] 06.08. 1 999 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 04.01 .2001 



Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 .ipdljpo.go.jp/PA1/result/detail/main/wAAAa1 4320DA41 204881 8P1 .htm 



03/06/18 



<19)H#BK»IF/? (J P) 



(12) 



& it ^ a (a) 



#^2000-48818 
(P2000-48818A) 
(43)&g8B ¥f£l2^2 3183(2000.2. 18) 



(51) IntCL 7 
HO 1M 



4/58 
4/02 
10/40 



mm* 



F I 

HO 1M 



4/58 
4/02 
10/40 



5H0 0 3 
C 5H0 1 4 
Z 5H0 2 9 



«SS9# % ffi*H0K2 FD (4 5 1) 





1$K i R0 -225439 


C71)ttMA 


593078615 








iEHte*iJil*SC£«: 


(22)tH8iB 


¥j&10*£ 7 3 24 B (1998. 7. 24) 




*R»ft*Rllr'MlK#R=:TB 1#26^ 






C7Z>«9Wf 










^®*©*^J!K1576 lERHfc*!*!** 
























&0»9£ffirfj$j£l576 lEWte^aEH** 














(74)ttSA 


100081536 








#a± ea« mi 











(54) vs&nv&m mmm&mRz*zn&m^it&&mffim^fcmm 



(57) (SS] 

Li lfJ( Mn l . 3t . ¥ . l A ¥ B I 0 4 

A = Co, Ni. Fe, C rft>6iBttti£4>& < t fe 1 0<D 

B = Mg. Zn. Ca^6atftl4d>ft < <t 1 
0^x^0.09. 0.01^y^0.3, O.OUz^ 
0 .3 



1 

[4*tiFtt*4>ttB] 
Li x ,,iMn 2 _ x . v _, A v B z 0 4 

A = Co, Ni, Fe, Cr*»6a«*lS*ft < £& 1 o<D 

B = Mq, Zn, Ca^6a«ftS*!>ft < £ i> 1 OGDtBPI 
0^x^0.09. 0.01^y^0.3, O.Ol^z^ 
0.3 

«n^«fft. io 

[0 0 0 1 ] 
[0 00 2] 

3^ a, y^-5A{t^», yfjA^Mi*, m&? 

liUt^'Dt^ (PC) , 1,2-^F^> 
i^XDME), r-^o^nXr-BL), 
fF7tFD77> (THF) tt<fc'<0**»«iti«CLi 20 
CIO,, LiB F 4 , LiAsF 5 v LiP F s %f<D >J 3^ A 

v£TiS 2 , MoS 2 , V 2 O s . V 6 0 13 ^<Dil^#/l(DBfu 

£ **** 6 ti, trUf* ;U*fti£<D LiMn, 0 4 «3^ft 
[0 0 0 3 ] 

[|S?l!3&sDS»tOJ:5<b-ri«tH] ^bfe*^±aufc 30 

mmvw j ? j\,m&w&ifi&& £ i o rasas* o *. 

Cft*«ifcTS/ctf>K:, «Alfl9H?2 - 1 3 9 8 6 1 

(Li.-vAj x (MrH_ z BJ , 0 4 
A = Na, K, Cu, Ag, Z nf)^hm^tl^>7vM 
B = V, Cr, Fe, Co, Ni3&>6ffl«ft*5n3R 
0,9^x^1.1, 0.0^y^0.2. O.O^z^O. 
2 

raStiSiESrSaW, #^3 - 1 0 8 2 6 1 ^Cc L 40 
1Mn 1 0 4 iC2«^/lH'^> (Wx.«Ma Ca, Zn, C 
d) *»SttlbfciE«?S«JK. 

[0 00 4] 4$H^F4- 1 60 7 6 9-SfCt LiMn, 0«fg 
B B rf(DM n of5£r C oT?g& 0 , 
Li x Mn,. v M v 0 4 

M=Co. Ni. Fe, Crt>6 atfft£4>&< £ & 1 « 
0.85^x^1.15; 0 .3<y^0 .5T?Sl2tt£iE 



WH 2000-48818 
2 

[0 0 0 5 ] 

Lix-.Mnz.x.y^AyBzO, 

A = Co, Ni, Fe, C r*6atf*lS*Mc < £ & 1 0(0 

B = Mp, Zn. Ca*>6a«ti44>a< £*> IocOtc* 
0^x^0.09, 0.0Uy^0.3, O.Ol^z^ 
0 .3 

[0 0 0 6 ] 

fflmom&<D 1 mi&LTtC7frr. Li a > x Mn 
1 _.. v .«Co,Mgk04r*S<i5{b^Wtt. Li{t£«5. 

JrSffi^U C<D^%^M^S-r^C£^ c fc«3f#e> 
tl5. CCrLi{b^j£LTl*. Wx.«Li 2 CO j . L 
iO H • H, (X LiNO,3J«:, Mrrft^£LT«, W 
;U*Mn0 2 , Mn 3 0 4 , MnCO,f*, Cafb^£GT 
^Jx«Co 3 0 4 , CoCO,, Co(OH) 2 ^*, Mgffc 

£#r#£. ftlMAK«a?KA6 5 0-1 0 0 0 °CCDffi 
7 5 0-90 0"C©»^ S6(Cfi»aif 

[0007] CC"CA = Co, Ni. F e, C r*6»#h 
4<i>Sc< £& 1 ocDtc*, B = Mg, Zn, Ca*6a« 
ftS4>fc< £fc 1o<W^T:*£j&*, cn60HH(C 
A = Co, B = M<jMffSlA». ^/c0^x^0.09, 
O.OUy^0.3. 0 .0 1 ^ z ^ 0 .3<DflSH*>£a 
tfft£#, CCD H0^x^0.06, O.OS^y^ 
0.3, 0 .0 5 £z ^ 0 .3<7)ffiH#*tSO< . ^tCO 
^x^O.03. 0.1^y^0.2, 0.1^z^0.2 

[0 0 0 8] *^C<lteCir«. ±ffiiESfg«BJ»*ffl^ 

(EC) , 5>x^U>*-#*- h (DEC) . R»y 
Qt'l/> (PC) , + 
E) , r-T'fD^ h> (r-BL) . f h7th*D 
77> (THF) teZOlt&mmtpdCLiCW*. Li B 
F 4 . LiAsF 6 . LiPF $ W<D«;^^A**iSIBUfe# 
*«IB««:fflC**C£*Jr*4. 

[000 9] ***JB^^««ft©f¥flWffi<>a«Be* 



(3) 



S6*6J:5«C. LiMn,0<<D#j6<g, LiMr^ . 7 Co 
a.3 0«, L iMn x . 7 Mgo. 3 0 4 O^ 1 .58^1.64fg, 

[0010] 

HtKM 1 - 6 cfc CttMKW 1-7 10 
Li 2 C0 3 . Hft?-MnO,, Co 3 0<, MgO*Bfi&D« 
iSfc&*<fc5fcfffiO/cf&, SL#K:Ti&&U 9 00 4 C 

-Scfc^CC, LiMat0 4 «* s »aE-riC:i*silB'C*fc. 
36tC, Wf4 0 .8q. T-fe^U>^5 £ 0.1 3q, 
tfUr" h 77i^px^b> 0 .0 7g*a»fC-Cffii» 
0, 1*3 3 0 un&XEMbtc&. Nn-rf?2A* (6 0m 
esh) WBE#Stf, 15 0U 1 2 IMOXSf£tt«:tf 

!O 4 + 5 0%xfU>^^^ (EC) +5 0%i/* 



^20 00 -48 8 1 8 
4 

x^U>^7-^^ h (DEC) *t«45cfc^#«Rffi 
CCteNi-* vis* (6 Omesh) ±{cLiffi*IESf $ l±fc£ 

KH 3 .3-4 .3Vvs.Li/Li\ «jfef»lKH 1 flS 

[o o i i ] mi^wm-y-j tr^mfitz^-fo LiMn 

2 O « *<£Mn<D-a3£ Co& 0 < ttMg-Cffift If^ife 

U^OCoiMg027c3R*l?l«ptca»^'4Ci«:cfc 
0, CofeL/<«Mq©l7c3R<D*K»L//c«f4CCJt^3 

Coi Mq© 2 tuS^|5]B$(cI^ b/cttWC 4 LiBftf 

C<D<fc5K:, LiMrh0 4 ^OMn(E>— Itc 
^mJ4-CS^*ff9 cfcOfe. Co<bMcjCD2 7C^ 
WLi. Ca Mp0 3 7t^rfS]B#CC^T^CiCCj:*3 

z^mfokt i u- ^;uacoatss*o 8 o %ccjgy>u/c 

[0012] 
[«1 ] 





$i A 




ft 

K 


1 


LiMn 2 0 4 


92 


2 


LiMni .gCot.i 0< 


58 


3 


LiMni . fi Coo tOi 


25 0 


4 


LiMni 7 C00.3O4 


32 0 


5 


LiMn] gMgo .1 0< 


7 5 


6 


LiMni . 8 Mg 0 . 2O4 


265 


7 


LiMni .?Mgo. 3 04 


332 


X 
ft 


1 


LiMni. 9C00 osMgo osO* 


525 


2 


LiMni . 8 Co a . iMg 0 . 1 0 4 


6 0 0&L± 


3 


LiMn t . 7 Coo . 1 5 Mgo .1 s 0 4 


6 0 0O_h 


4 


Lii . oaMni . ggCoo .05 Mgo . 05O4 


6 0 0Et± 


5 


Lii .osMni .74Co 0 .]Mgo.iOj . 


6 0 0W± 


6 


Li 1 . ooMn, . 7l Co 0 . 1 Mgo. 1 0 4 


6 0 0£Lt 



[0 0 13] 40 [Hil] LiMn l O,fcJ:a f ll35S^l-3'Cf#6n/ciE 

mmommrmm] ti3] sstmu- a tfov&Km^tc^^m-t. 



(4) 



mm 2000-48818 



mi ] 



(H2] 



t r 



_Jl 



(111) 



J 



(311) 



(400) 



— i r 

UMn 2 0 4 
(440) 



|(222)| ( a3 1} (511,333)^ (531) 



UMn^fiCOo^Mgo.^ 



i L I i jlJ. 



JLJL 



UMn ) . 8 Co 0 . 1 Mg ot O 4 



LiMn^TCoa^Mga^O^ 



j L L 



J i I I l I L 



15° 20° 30' 40° 50° 60° 70* 
26 



c 

< 

CO 

c 
a 
c 



t r 



(in) 



J L_ 



1 1 1 

LiMn 2 04 

(331) (400) ( 440) 



15° 20" . 30* 



(222) | pip (511,333) ^ (5 31) 



Lii. Q2 Mn 1w Coao 6 Mg 0 . 05 O < 
A ^ A 



* A . » A ^_ 



JUL 



_1_ 



U^Mn^Co^MgatO* 

_^ A A a_ 

I L 



40° 50 - 60" 
2d 



70° 



m3] 




+mm :U fofl/Nlmash 



fltf : U font W mesh 



IES : (BtyHUMnjO^CWMW) / Nl mesh 



WRm : IkmoUm 1 LiClO«+50%EC+50%DEC 
2* tOW(200mI) 



C5) 



#1120 00 -488 1 8 



[#JftMiEft] 

imiHB] W-f&l l-¥6fl7B ( 1 999. 6. 7) 

[tsiE»a#?fl«] km* 

[»iE*ffi] SEE 

1 ] TKSCrastiiiEfiHSftR. 

A = Co, NT. Fe, Cr*6»;tta44>&< it 1 ^© 

B - Mg, Ca»6gtftlS^>tt< ^fe log»c3R 
0^x^0.09. 0.01^y^0.3. O.OUz^ 
0.3 

[¥ttMiE2] 

[*ME*f*IB*] 0 0 0 5 

[ffliEAS] 
[0 00 5 ] 



* £ 0 

Lii»,Mn,-,. v ., A ¥ B t 0 4 

A=Co, Ni, Fe,. Cr*6»tf*lS4>«C < £4> 1 O<0 

B - Mg, Cafr6iiati4iJ>«C< t*>l^©7£* 
0^x^0.09, 0.01^y^0.3, O.Ol^z^ 
0 .3 

[#MMjE3] 

CfluESMUIB*] 0 0 0 7 

[0 00 7] CCtA = Co, Ni, F e, C r0>6jHXti 
Sil>tt < <b 1 o<DtgJ& B = Mg, Cafr>6Mtf*l5 

Co. B = Mg#*?£LA> 0 ^/cO^x^O.09, 0.0 
l^y^0.3, 0 .0 1 ^ z ^ 0 .3<Dffim&hM&tl 

CCD5^0^x^0.06, O.OSiySO". 
3, 0.05^z^0.3 ©«H*Jff* L < , ^ 0 ^ x 
^0.03, 0.1^y^0.2, 0 . 1 £ z ^ 0 . 2 CD® 



(72)£$!HS RAte&V S^f- F£-A(##) 5H003 AA04 BB05 BDOO 

^Jl»^ffirf7*El576 jEWfc*Xl«*5K 5H014 AA02 HHOO 

^f±|*3 5H029 AJ05 AK03 AL12 AMOS AM07 

BJ01 HJ02 



Page 1 of 1 



[JP,2000-048818,A] 



CLAIMS DETAILED DESCRIPTION TECHNICAL FIELD PRIOR ART EFFECT OF THE INVENTION 
TECHNICAL PROBLEM MEANS EXAMPLE DESCRIPTION OF DRAWINGS DRAWINGS 



[Translation done.] 



http://www4ipdljpo.gojp/cgi-bin/tran^ 6/23/2003 



' * NOTICES * 



Page 1 of 1 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shoves th e wor< i which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The positive active material expressed with the following formula. 

Lil+xMn2-x-y-zAyBz04 A=Co, at least one element B=Mg chosen from nickel, Fe, and Cr, at least one element 
0<=x<=0.09 chosen from Zn and calcium, 0.01<=y<=0.3, 0.01<=z<=0.3. [Claim 2] The nonaqueous electrolyte 
rechargeable battery using the positive active material of a claim 1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the nonaqueous electrolyte rechargeable 

battery using the positive active material and this which were improved. 

[0002] 

[Description of the Prior Art] A nonaqueous electrolyte rechargeable battery uses a lithium, a lithium compound, a 
lithium alloy, etc. for a negative electrode. As the electrolytic solution, a propylene carbonate (PC), 1, 2- 
dimethoxyethane (DME), The nonaqueous electrolyte which dissolved the lithium salt of LiC104, LiBF4, LiAsF6, 
and LiPF6 grade is used into non-aqueous solvents, such as gamma-butyrolactone (gamma-BL) and a 
tetrahydrofuran (THF). As a positive active material, the sulfide or oxide of transition metals of TiS2, MoS2, V205, 
and V6013 grade is mainly used. On the other hand, from the advantage that Mn02 used for the nonaqueous 
electrolyte primary cell is a low cost, it is possible to use this as a positive active material of a rechargeable battery, 
and it is reported especially that LiMn 204 of Spinel structure has the. reversibility of charge and discharge. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in the rechargeable battery using LiMn 204 mentioned above 
as a positive active material, there was a problem that the cycle-life property in charge and discharge was inferior. 
In order to solve this To for example, JP,2- 139861, A The positive active material expressed with x(Mnl-zBz)204 
A=Na, element B=V chosen from K, Cu, Ag, and Zn, the element 0.9<=x<=l.l chosen from Cr, Fe, Co, and nickel, 
0.0<=y<=0.2, and 0.0<=z<=0.2, (Lil-yAy) The positive active material, [0004] which added the divalent metallic 
ion (for example, Mg, calcium, Zn, Cd) to JP,3- 108261, A at LiMn 204 A part of Mn under LiMn204 crystal is 
replaced by JP,4- 160769, A by Co, and it is from LixMn2-yMy04 M=Co, and nickel, Fe and Cr. At least one sort of 
elements 0.85<=x<=1.15 chosen and the positive active material expressed with 0.3< y<=0.5 were proposed, and 
although all were improved, they were not in addition enough. [ of the cycle-life property in the charge and 
discharge ] The technical problem of this invention is to offer the nonaqueous electrolyte rechargeable battery using 
the positive active material and this which were excellent in the cycle-life property in charge and discharge. 
[0005] 

[Means for Solving the Problem] this invention relates to the nonaqueous electrolyte rechargeable battery using the 
positive active material and this which are expressed with the following formula. 

Lil+xMn2-x-y-zAyBz04 A=Co, at least one element B=Mg chosen from nickel, Fe, and Cr, at least one element 
0<=x<=0.09 chosen from Zn and calcium, 0.01<=y<=0.3, 0.01<=z<=0.3 [0006] 

[Embodiments of the Invention] One example of the process of a positive active material expressed with the above- 
mentioned formula of this invention is shown below. For example, the compound expressed with Lil+xMn2-x-y- 
zCoyMgz04 mixes Li compound, Mn compound, Co compound, and Mg compound so that it may become 
predetermined composition, and it is obtained by heat-treating this mixture, here — as Li compound — Li2C03, 
LiOH-H20, and LiN03 grade — as Mn compound — Mn02, Mn 304, and MnC03 grade - as Co compound — Co3 
- as a Mg compound, MgO and Mg(OH)2 grade can be mentioned for 04, CoC03, and Co(OH)2 grade, for 
example Although it is usually the range of about 650-1000 degrees C, since a still better cycle life is acquired, in 
the case of 750-900 degrees C, heating temperature is desirable. 

[0007] A=Co and B=Mg are [ especially among these ] desirable although it is at least one element chosen from 
A=Co, at least one element chosen from nickel, Fe, and Cr, B=Mg, and Zn and calcium here. Moreover, although 
chosen out of the range of 0<=x<=0.09, 0.01<=y<=0.3, and 0.01<=z<=0.3, the range of 0<=x<=0.06, 
0.05<=y<=0.3, and 0.05<=z<=0.3 is desirable, and the range of 0<=x<=0.03, 0.1<=y<=0.2, and 0.1<=z<=0.2 is 
especially desirable. 

[0008] In this invention, a nonaqueous electrolyte rechargeable battery can be created using the above-mentioned 
positive active material. In this nonaqueous electrolyte rechargeable battery, a negative electrode and the thing 
usually conventionally used as the electrolytic solution can be used. For example, the nonaqueous electrolyte which 
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dissolved a lithium, a lithium compound, a lithium alloy, carbon, etc. as a negative electrode, and dissolved the 
lithium salt of LiC104, LiBF4, LiAsF6, and LiPF6 grade as the electrolytic solution into non-aqueous solvents, such 
as ethylene carbonate (EC), diethylene carbonate (DEC), a propylene carbonate (PC), 1, 2 -dimethoxy ethane 
(DME), gamma-butyrolactone (gamma-BL), and a tetxahydrofuran (THF), can be used. 

[0009] The method by which the creation method of a nonaqueous electrolyte rechargeable battery is also usually 
used conventionally is employable as it is. The nonaqueous electrolyte rechargeable battery obtained using the 
above-mentioned positive active material of this invention has a cycle-life property in outstanding charge and 
discharge, and as for the cycle life, it has about 1.58 to 1.64 times of about 6 times of LiMn 204, LiMnl.7Co 
0.3O4, and LiMnl .7Mg 0.3O4, and a remarkable effect more than double precision further so that more clearly than 
the following examples and examples of comparison. 
[0010] 

[Example] An example and the example of comparison are given to below, and this invention is explained to it. 
Examples 1-6 and the example 1 of comparison - 7Li2C03, electrolysis - After carrying out weighing capacity of 
Mn02, Co304, and the MgO so that it may become predetermined composition, it mixed with the mortar and the 
material which calcinates at 900 degrees C for 12 hours, and is shown in Table 1 was compounded. When the 
powder X diffraction of the obtained material was carried out, as shown in drawing 1 and 2, it has checked that 
20LiMn4 phase existed. Furthermore, material 0.8g, acetylene black 0.1 3g, polytetrafluoroethylene 0.07g is 
kneaded with a mortar and it is thickness. After rolling out to 30 micrometers, you made it stuck to nickel mesh 
(60mesh) by pressure, 150 degrees C and the vacuum drying of 12 hours were performed, and it used for the cell 
cycle examination. The thing which stuck diethylene carbonate (DEC) to the electrolytic solution by pressure 
(ethylene carbonate EC) +50% 1M LiClO4+50%, and made Li foil stick to a counter electrode and a reference pole 
by pressure on nickel mesh (60mesh) was used. The cell used for the cell examination at drawing 3 is shown. 
Potential range 3.3-4.3Vvs.Li/Li+ and current value were made it to 49.4mA per lg of samples, and temperature 
was made into 25 degrees C. 

[001 1] A charge-and-discharge cycle life is shown in Table 1 . Whenever Co or Mg replaces a part of Mn in LiMn 
204 and the amount of substitution increases, a cycle life is large and a bird clapper is known. However, compared 
with the material which replaced only one element of Co or Mg, a cycle life is still larger and by replacing two 
elements of Co and Mg simultaneously shows a bird clapper. Furthermore, by carrying out Li substitution, a cycle 
life is still larger and the material which replaced two elements of Co and Mg simultaneously understands a bird 
clapper. Thus, by replacing simultaneously a part of Mn in LiMn 204 by two elements of Co and Mg or three 
elements of Li, Co, and Mg rather than it replaces by 1 element independent shows that a cycle life improves 
further. In addition, a cycle life is made into the life when decreasing to 80% of the service capacity of 1 cycle eye, 
and says the number of cycles. 
[0012] 
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[0013] 

[Effect of the Invention] The nonaqueous electrolyte rechargeable battery using the positive active material and this 
which excelled [ this invention ] in the cycle-life property in charge and discharge can be offered. 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/2003 



Page 3 of 3 



[Translation done.] 



http://www4ipdljpo.gojp/cgi-bin/tT2in_web_cgi_ejje 



6/23/2003 



Page 1 of 1 



* NOTICES * 
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2 **** s h ows the word which can not be translated. 

3 .In the drawings, any words are not translated. 

TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to the nonaqueous electrolyte rechargeable 
battery using the positive active material and this which were improved. 

[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/2003 



* NOTICES * 



Page 1 of 1 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] A nonaqueous electrolyte rechargeable battery uses a lithium, a lithium compound, a 
lithium alloy, etc. for a negative electrode, and is a propylene carbonate (PC) as the electrolytic solution. As a 
positive active material, the sulfide or oxide of transition metals of TiS2, MoS2, V205, and V6013 grade is mainly 
used using the nonaqueous electrolyte which dissolved the lithium salt of LiC104, LiBF4, LiAsF6, and LiPF6 grade 
into non-aqueous solvents, such as 1 , 2-dimethoxy ethane (DME), gamma-butyro lactone (gamma-BL), and a 
tetrahydrofiiran (THF). On the other hand, from the advantage that Mn02 used for the nonaqueous electrolyte 
primary cell is a low cost, it is possible to use this as a positive active material of a rechargeable battery, and it is 
reported especially that LiMn 204 of Spinel structure has the reversibility of charge and discharge. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] The nonaqueous electrolyte rechargeable battery using the positive active material and this 
which excelled [ this invention ] in the cycle-life property in charge and discharge can be offered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in the rechargeable battery using LiMn 204 mentioned above 
as a positive active material, there was a problem that the cycle-life property in charge and discharge was inferior. 
In order to solve this To for example, JP,2- 139861, A The positive active material expressed with x(Mnl-zBz)204 
A=Na, element B=V chosen from K, Cu, Ag, and Zn, the element 0.9<=x<=l . 1 chosen from Cr, Fe, Co, and nickel, 
0.0<=y<=0.2, and 0.0<=z<=0.2, (Lil-yAy) The positive active material which added the divalent metallic ion (for 
example, Mg, calcium, Zn, Cd) to JP,3- 108261, A at LiMn 204, [0004] A part of Mn under LiMn204 crystal is 
replaced by JP,4- 1 60769, A by Co, and it is from LixMn2-yMy04 M=Co, and nickel, Fe and Cr. At least one sort of 
elements 0.85<=x<=1.15 chosen and the positive active material expressed with 0.3< y<=0.5 were proposed, and 
although all were improved, they were not in addition enough. [ of the cycle-life property in the charge and 
discharge ] The technical problem of this invention is to offer the nonaqueous electrolyte rechargeable battery using 
the positive active material and this which were excellent in the cycle-life property in charge and discharge. 
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MEANS 



[Means for Solving the Problem] this invention relates to the nonaqueous electrolyte rechargeable battery using the 
positive active material and this which are expressed with the following formula. 

Lil+xMn2-x-y-zAyBz04 A=Co, at least one element B=Mg chosen from nickel, Fe, and Cr, at least one element 
0<=x<=0.09 chosen from Zn and calcium, 0.01<=y<=0.3, 0.01<=z<=0.3. [0006] 

[Embodiments of the Invention] One example of the process of a positive active material expressed with the above- 
mentioned formula of this invention is shown below. For example, the compound expressed with Lil+xMn2-x-y- 
zCoyMgz04 mixes Li compound, Mn compound, Co compound, and Mg compound so that it may become 
predetermined composition, and it is obtained by heat-treating this mixture, here — as Li compound — Li2C03, 
LiOH-H20, and LiN03 grade -- as Mn compound -- Mn02, Mn 304, and MnC03 grade — as Co compound — Co3 
- as a Mg compound, MgO and Mg(OH)2 grade can be mentioned for 04, CoC03, and Co(OH)2 grade, for 
example Although it is usually the range of about 650-1000 degrees C, since a still better cycle life is acquired, in 
the case of 750-900 degrees C, heating temperature is desirable. 

[0007] A=Co and B=Mg are [ especially among these ] desirable although it is at least one element chosen from 
A=Co, at least one element chosen from nickel, Fe, and Cr, B=Mg, and Zn and calcium here. Moreover, although 
chosen out of the range of 0<=x<=0.09, 0.01<=y<=0.3, and 0.01<=z<=0.3, the range of 0<=x<=0.06, 
0.05<=y<=0.3, and 0.05<=z<=0.3 is desirable, and the range of 0<=x<=0.03, 0.1<=y<=0.2, and 0.1<=z<=0.2 is 
especially desirable. 

[0008] In this invention, a nonaqueous electrolyte rechargeable battery can be created using the above-mentioned 
positive active material. In this nonaqueous electrolyte rechargeable battery, a negative electrode and the thing 
usually conventionally used as the electrolytic solution can be used. For example, the nonaqueous electrolyte which 
dissolved a lithium, a lithium compound, a lithium alloy, carbon, etc. as a negative electrode, and dissolved the 
lithium salt of LiC104, LiBF4, LiAsF6, and LiPF6 grade as the electrolytic solution into non-aqueous solvents, such 
as ethylene carbonate (EC), diethylene carbonate (DEC), a propylene carbonate (PC), 1, 2 -dimethoxy ethane 
(DME), gamma-butyrolactone (gamma-BL), and a tetrahydrofuran (THF), can be used. 

[0009] The method by which the creation method of a nonaqueous electrolyte rechargeable battery is also usually 
used conventionally is employable as it is. The nonaqueous electrolyte rechargeable battery obtained using the 
above-mentioned positive active material of this invention has a cycle-life property in outstanding charge and 
discharge, and as for the cycle life, it has about 1.58 to 1.64 times of about 6 times of LiMn 204, LiMnl.7Co 
0.3O4, and LiMnl .7Mg 0.3O4, and a remarkable effect more than double precision further so that more clearly than 
the following examples and examples of comparison. 
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EXAMPLE 

[Example] An example and the example of comparison are given to below, and this invention is explained to it. 
Examples 1-6 and the example 1 of comparison - 7Li2C03, electrolysis - After carrying out weighing capacity of 
Mn02, Co304, and the MgO so that it may become predetermined composition, it mixed with the mortar and the 
material which calcinates at 900 degrees C for 12 hours, and is shown in Table 1 was compounded. When the 
powder X diffraction of the obtained material was carried out, as shown in drawing 1 and 2, it has checked that 
20LiMn4 phase existed. Furthermore, material 0.8g, acetylene black 0.1 3g, polytetrafluoroethylene 0.07g is 
kneaded with a mortar and it is thickness. After rolling out to 30 micrometers, you made it stuck to nickel mesh 
(60mesh) by pressure, 150 degrees C and the vacuum drying of 12 hours were performed, and it used for the cell 
cycle examination. The thing which stuck diethylene carbonate (DEC) to the electrolytic solution by pressure 
(ethylene carbonate EC) +50% 1M LiClO4+50%, and made Li foil stick to a counter electrode and a reference pole 
by pressure on nickel mesh (60mesh) was used. The cell used for the cell examination at drawing 3 is shown. 
Potential range 3.3-4.3Vvs.Li/Li+ and current value were made it to 49.4mA per lg of samples, and temperature 
was made into 25 degrees C. 

[001 1] A charge-and-discharge cycle life is shown in Table 1 . Whenever Co or Mg replaces a part of Mn in LiMn 
204 and the amount of substitution increases, a cycle life is large and a bird clapper is known. However, compared 
with the material which replaced only one element of Co or Mg, a cycle life is still larger and by replacing two 
elements of Co and Mg simultaneously shows a bird clapper. Furthermore, by carrying out Li substitution, a cycle 
life is still larger and the material which replaced two elements of Co and Mg simultaneously understands a bird 
clapper. Thus, by replacing simultaneously a part of Mn in LiMn 204 by two elements of Co and Mg or three 
elements of Li, Co, and Mg rather than it replaces by 1 element independent shows that a cycle life improves 
further. In addition, a cycle life is made into the life when decreasing to 80% of the service capacity of 1 cycle eye, 
and says the number of cycles. 
[0012] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the X diffraction view of the positive active material obtained in LiMii 204 and the examples 1-3. 
[Drawing 2] It is the X diffraction view of the positive active material obtained in LiMn 204 and the examples 4-6. 
[Drawing 3] The cell used for the charge-and-discharge cycle examination is shown. 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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